CLAIMS 



What is claimed is: 



10 



A computer\program product readable by a machine having 
at least one detection mechanism operatively coupled 
thereto for detecting and measuring at a plurality of 
different timfcs during a nucleic acid amplification 
reaction at leqst one signal whose intensity is related 
to a quantity o£ a nucleic acid sequence being amplified 
in the reactionA the computer program product embodying 
a program of instructions executable by the machine to 
perform the steps \of: 



a) deriving a growl 
signal ; 



ih curve from measurements of the 



15 



20 



b) calculating a derivative^of the growth curve; 

c) identifying a characteristic of the derivative; and 



d) determining a cycL 
characteristic of 



aumhetl associated with the 
iheVderilvative , 



The computer program /product\ of claim 1, wherein the 
step of calculating a derivative of the growth curve 
comprises calculating a second derivative of the growth 
curve, and wherein the characteristic comprises a 
positive peak of the second derivative. 



25 3. The computer program product' of claim 1, wherein the 
step of calculating a derivative of Y he growth curve 
comprises calculating a second derivative of the growth 
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curve, and wherein the characteristic comprises a 
negative pWk of the second derivative. 



4. The computer\ program product of claim 1, wherein the 
step of calculating a derivative of the growth curve 
comprises calculating a second derivative of the growth 
curve, and wherein the characteristic comprises a zero 
crossing of the\second derivative. 



10 



15 



20 



25 



The computer program product of claim 1, wherein the 
step of calculating\a derivative of the growth curve 
comprises calculating a first derivative of the growth 



curve, and wherein 
positive peak of the f 



teristic comprises a 
t derivative . 



The computer progran 

step of calculating) 

comprises calculating second 




of claim 1, wherein the 
tive of the growth curve 
derivative values of the 
growth curve at a number of\ different cycles in the 
reaction to yield a plurality of second derivative data 
points, the characteristic comprises a positive peak of 
the second derivative, and the step of determining the 
cycle number associated with Ufie positive peak 
comprises: 

i) fitting a second order cuAve to the second 
derivative data points; anc 

ii) calculating the cycle numbeA as the location, in 
cycles, of a peak of the second order curve, 
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7. A computer program product readable by a machine having 
at least one detection mechanism operatively coupled 
thereto \f or detecting and measuring at a plurality of 
5 different times during a nucleic acid amplification 

reaction at least one signal whose intensity is related 
to a quannity of a nucleic acid sequence being amplified 
in the react t ion, the computer program product embodying 
a program of instructions executable by the machine to 
10 perform the steps of: 

a) deriving a growth curve from the measurements of the 
signal; \ 





b) 


calculating \a 


derivative of the growth curve; 




c) 


identifying a\ 


cha^ac^: 


,eristic of the derivative; and 


15 


d) 


determining a 


Mme vc 


ilue associated with the 






characteristic 


/Af • the 


y^erivative. 



8. The computer prdciram product of claim 7, wherein the 
step of calculating a dWivative of the growth curve 

20 comprises calculating the second derivative of the 

growth curve, and wherein the characteristic comprises a 
positive peak of the second derivative. 

9. The computer program product \of claim 7, wherein the 
25 step of calculating a derivatWe of the growth curve 

comprises calculating the second derivative of the 
growth curve, and wherein the characteristic comprises a 
negative peak of the second derivative. 

\ 1 
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10. The computet program product of claim 7, wherein the 
step of calculating a derivative of the growth curve 
comprises calculating the second derivative of the 
growth curve, \and wherein the characteristic comprises 
a zero crossing of the second derivative. 



. 11, 



10 



12, 



15 



20 



25 



The computer program product of claim 7, wherein the 
step of calculating a derivative of the growth curve 
comprises calculating the first derivative of the 
growth curve, and wherein the characteristic comprises 
a positive peak of thQ^fv.rst derivative. 



The computer progrJ 
step of calculating/a 




:t'of claim 7, wherein the 
:ive of the growth curve 



comprises calculating second derivative values of the 
growth curve at al/plurality of different measurement 
times in the reaction towield a plurality of second 
derivative data points, the characteristic comprises a 
positive peak of the second derivative, and the step of 
determining the time value \associated with the positive 
peak comprises: 

i) fitting a second order cWve to the second 
derivative data points; and 

ii) calculating the time valuers the location of a 
peak of the second order cuiVe . 
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13. A comparer program product readable by a machine having 
at least \ne detection mechanism operatively coupled 
thereto foV detecting and measuring signals indicative 
of the quantities of a target nucleic acid sequence 
being amplified in a test sample, containing an unknown 
starting quantity of the target nucleic acid sequence, 
and of a calibration nucleic acid sequence being 
amplified in k plurality of calibration samples, 
containing respective known starting quantities of the 
calibration nucleic acid sequence, the computer program 
product embodying a program of instructions executable 
by the machine to perform the steps of : 



15 



20 



a) determining a respective threshold value for the 
target nucleAc arc icL sequence in the test sample 
and for each a£ /he known starting quantities of 



ihe 

the calibration nucl 
calibration gfam]_ 
value is det/jfernti^ed 



yCo, acid sequence in the 
wherein each threshold 
for a nucleic acid sequence 



in a respective sample by: 

i) deriving a growtra curve for the nucleic acid 
sequence from the\ measured signals; 



ii) calculating a derivative of the growth curve; 



25 



iii) identifying a characteristic of the 
der i vat i ve ; and 



iv) determining the threshold value associated 
with the characteristic of the derivative; 



b) deriving a calibration curve \from the threshold 
values determined for the know^i starting 
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quantities of the nucleic acid sequence in the 
calibration samples; and 

c) determining the starting quantity of the target 
nucleic acid\sequence in the test sample using 
the calibration curve and the threshold value 
determined fon the target sequence. 



14. The computer program product of claim 13, wherein each 
of the threshold values comprises a cycle number. 



10 



15, 



15 16. 



The computer program product of claim 13, wherein each 
of the threshold values djomari^es an elapsed time of 
amplification. 




The computer program ptfodudt oE claim 13, wherein the 
step of calculating a /derivative of the growth curve 
comprises calculating a second derivative of the growth 
curve, and wherein the characteristic comprises a 
positive peak of the second derivative. 



20 



25 



17. The computer program product on claim 13, wherein the 
step of calculating a derivative of the growth curve 
comprises calculating a second derivative of the growth 
curve, and wherein the characteristic comprises a 
negative peak of the second derivative. 
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18. The computer program product of claim 13, wherein the 
step of calculating a derivative of the growth curve 
comprises calculating a second derivative of the growth 
curve, and wherein the characteristic comprises a zero 
crossing of the second derivative. 



10 



19. The computer program product of claim 13, wherein the 
step of calculating \a derivative of the growth curve 
comprises calculating a first derivative of the growth 
curve, and wherein thie characteristic comprises a 
positive peak of the first derivative. 



15 



20 



20. The computer program prdduct of claim 13, wherein the 
step of calculating a de3fi)/ative of the growth curve 



native values of the 
erent measurement 
a plurality of second 



associated with the 



25 



comprises calculating secjpng 
growth curve at a number/ off di 
points in the reaction xp yj^eld 

derivative data points/ ty£e\ characteristic comprises a 
positive peak of the second \deriivative, and the step of 
determining the threshold va|ue 
positive peak comprises: 

i) fitting a second order cu\rve to the second 
derivative data points; arid 

ii) calculating the threshold vialue as the location of 
a peak of the second order aurve. 



21. A computer program product readable^by a machine . having 
at least one detection mechanism for measuring: 
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15 



i) signals indicative of the respective quantities of 
a target nucleic\acid sequence in a test sample 
and of a first internal control being amplified in 
a first nucleic acid amplification reaction, . 
wherein the first Unternal control comprises a 
second nucleic acia sequence different than the 
target nucleic acicu sequence in the test sample; 

ii) signals indicative of the respective quantities of 
a first standard andtof a second internal control 
being amplified in a \second nucleic acid 
amplification reaction, wherein the first standard 
comprises a first known starting quantity of a 
calibration nucleic aciid sequence different than 
the second nucleic acid sequence, and wherein the 
second internal control\ comprises the second 
nucleic acid sequence; 



iii) signals indicative of 
a second standard ang 
being amplified in 



respective quantities of 
of la.^fcfjird internal control 
vd niicleic acid 



20 amplification reaction, wheriin the second 

standard comprises la second known starting 
quantity of the cl/libration /nucleic acid sequence, 
the third internal control! comprises the second 
nucleic acid sequence, andl the starting quantity 

25 of the second nucleic acidlsequence is 

substantially the same in epch of the 
amplification reactions; 

wherein the computer program product embodies a program of 
instructions executable by the machine to perform the 
30 steps of : 

a) determining a respective threshold value for each 
of the standards, each of the internal controls, 
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and the target nucleic acid sequence in the test 
sample; 

b) normalizing the threshold value determined for the 
target nucleic acid sequence in the test sample to 

5 the threshold value qetermined for the first 

internal control; 

c) normalizing the threshold values determined for 
the first and second standards to the threshold 
values determined for the second and third 

10 internal controls, respectively; 

d) deriving a calibration leurve from the known 
starting quantities and! the normalized threshold 
values of the first andlsecond standards; and 

e) determining the starting\/|uantiity of the target 

15 nucleic acid sequence Lh \ the tsst sample using the 

calibration curve and/the\ np^malized threshold 
value determined f or/the^arget sequence. 



22. The computer program product of claim 21, wherein each 
20 of the threshold values comprises a cycle number. 



23. The computer program product of claim 21, wherein each 
of the threshold values comprises api elapsed time of 
amplification. 



25 
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24. The computer program fcroduct of claim 21, wherein a 

respective threshold Value is determined for a nucleic 
acid sequence by: 

i) deriving a growth aurve from the measured signals; 

ii) calculating a derivative of the growth curve; 

iii) identifying a characteristic of the derivative; 
and 

iv) . determining the threshold value associated with 

the characteristic of the derivative. 



10 



25. The computer program product y 
threshold value comprises ay 



^aim 24, wherein the 
dumber. 



'2 6. The computer program prodi 
15 threshold value comprise; 

amplification. 



of \claLm 24, wherein the 
fan elabseja time of 



27. The computer program product of claim 24, wherein the 
step of calculating a derivative off the growth curve 
20 comprises calculating a second derivative of the growth 

curve, and wherein the characteristic comprises a 
positive peak of the second derivative. 



28. The computer program product of claim\24, wherein the 
25 . step of calculating a derivative of the growth curve 

comprises calculating a second derivative of the growth 
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curve, and wherein* the characteristic comprises a 
negative peak of thA second derivative. 



29. The computer program product of claim 24, wherein the 
step of calculating a derivative of the growth curve 
comprises calculating a second derivative of the growth 
curve, and wherein the (characteristic comprises a zero 
crossing of the second derivative. 



10 30. The computer program product of claim 24, wherein the 
step of calculating a derivative of the growth curve 
comprises calculating a fi\rst derivative of the growth 
curve, and wherein the characteristic comprises a 
positive peak of the first \depiyative, 



15 



20 



25 



31. The computer program prcfalutft\ of claim 24, wherein the 
step of calculating a derivatiivfe of the growth curve 
comprises calculating second derivative values of the 
growth curve at a number of different measurement 
points in the reaction to yield a plurality of second 
derivative data points, the characteristic comprises a 
positive peak of the second derivative, and the step of 
determining the threshold value Associated with the 
positive peak comprises: 

i) fitting a second order curve \to the second 
derivative data points; and 

ii) calculating the threshold valuA as the location of 
a peak of the second order curve. 
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32. The computer program pAoduct of claim 21, wherein the 
step of normalizing the\ threshold value determined .for 
the target nucleic acid Sequence in the test sample to 
the threshold value determined for the first internal 
control comprises dividing the threshold value 
determined for the target \ nucleic acid sequence by the 
threshold value determine^ for the first internal 
control . 



10 



15 



33. The computer program product! of claim 21, wherein the 

step of normalizing the threshold values determined for 
the first and second standards to the threshold values 



determined for the second anc. 
respectively, comprises divi 
determined for the first and 
threshold values determined 
internal controls, respect i 



:d internal controls, 
le threshold values 
Id standards by the 
ie second and third 



20 34 , 



25 



30 



A computer program product readable by a machine having 
at least one detection mechanism imperatively coupled 
thereto for detecting and measuring signals indicative 
of the respective quantities of a first nucleic acid 
sequence, a first standard, and a second standard being 
amplified in a reaction vessel, wherein the first 
standard comprises a known starting Quantity of e 
second nucleic acid sequence different than the first 
nucleic acid sequence, and wherein the\ second standard 
comprises a known starting quantity of a third nucleic 
acid sequence different than the first a\id second 
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sequences, the computer program product embodying a 
program of instructions ^executable by the machine to 
perform the steps of : 

a) determining a respective threshold value for the 
first nucleic acid sequence, first standard, and 
second standard; 

b) deriving a calibratioYi curve from the known 
starting quantities arid from the threshold values 
determined for the first and second standards; . and 

c) determining the starting quantity of the first 
nucleic acid sequence in the test sample using the 
calibration curve and tha threshold value 
determined for the first nucleic acid sequence. 



15 35. The computer program product of' 
of the threshold values comprisi 



20 



,cXa-ijTi 34, wherein each 
ycle number. 



36. The computer program product /of dlaim 34, ; wherein each 
of the threshold values comprises! ar/ elapsed time of 
amplification. 



25 



37. The computer program product of claim 34, wherein a 
respective threshold value is determined for each 
nucleic acid sequence by: 

i) deriving a growth curve from the\measurements of 
the signals; 



ii) calculating a derivative of the growth curve; 
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iii) identifying a characteristic of the derivative; 
and \ 

iv) determining the threshold value associated with 
the characteristics of the derivative. 



38. The computer program proauct of claim 37, wherein the 
threshold value comprise* a cycle number. 

39. The computer program product of claim 37, wherein the 
threshold value comprises an elapsed time of 
amplification. \ 

40. The computer program products of I claim 37, wherein the 
step of calculating a derivfekiy^ of the growth curve 
comprises calculating a seidrid derivative of the growth 
curve, and wherein the chatactiertLstic comprises a 
positive peak of the second derivative. 

41. The computer program product of qlaim 37, wherein the 
step of calculating a derivative Af the growth curve 
comprises calculating a second derivative of the growth 
curve, and wherein the characteristic comprises a 
negative peak of the second derivative. 

■42. The computer program product of claim 37, wherein the 
step of calculating a derivative of the\growth curve 
comprises calculating a second derivative of the growth 
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curve, and wherein the characteristic comprises a zero 
crossing of the \econd derivative. 



43. The computer program product of claim 37, wherein the 
step of calculating k derivative of the growth curve 
comprises calculating a first derivative of the growth 
curve, and wherein the characteristic comprises a 
positive peak of the first derivative. 



10 44 , 



15 



20 



The computer program proftuctl 
step of calculating a dptUvai 
comprises calculating see 
growth curve at a number 
points in the reaction vro 



of claim 37, wherein the 
^ve of the growth curve 
derivative values of the 
ifferent measurement 
Id a plurality of second 



derivative data points, the ^characteristic comprises a 
positive peak of the second derivative, and the step of 
determining the threshold valflje associated with the 
positive peak comprises: 

i) fitting a second order curare to the second 
derivative data points; and\ 

ii) calculating the threshold valVie as the location of 
a peak of the second order currve. 



A 
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